Introduction
Oral health is a critical and integral part of the overall health and well-being (American Dental Association, 2006) . Many health conditions can affect the oral health resulting in acute or chronic orofacial pain, oral sores, throat and oral cancer, oral defects such as cleft palate and lip, tooth decay and tooth loss, and periodontal (gum) disease (Preamble to the Constitution, 1946) . Individuals are not considered healthy if they do not have a good oral health. To improve and maintain an optimal oral health, a trained, knowledgeable and comprehensive oral healthcare team is required in every country. Therefore, the World Health Organization (WHO) has stated in its 2006 report the following: ''developing capable, motivated, and supported health workers is essential for overcoming bottlenecks to achieve national and global health goals. Healthcare is a labor-intensive service industry at the heart of every health system, the workforce is central to advancing health" (World Health Organization, 2006) .
Significant barriers exist in every country to ensure that their population receive basic healthcare including oral healthcare https://doi.org/10.1016/j.jsps.2017.09.005 1319-0164/Ó 2017 The Authors. Production and hosting by Elsevier B.V. on behalf of King Saud University. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/). (Nash et al., 2008) . Ignorance, poverty, and lack of adequate numbers of trained and educated healthcare workers are common barriers. Furthermore, the lack of financial resources in developing countries greatly limits their ability to provide quality dental education and training to fill the gap in dental care in their countries (Nash et al., 2008) . Even in developed countries, financial resources are not always efficiently allocated to guarantee that their populations have access to healthcare including dental healthcare (Nash et al., 2008) .
The Kingdom of Saudi Arabia has shown rapid growth in the educational sector including dental education. The college of dentistry was established at king Saud university back in 1976. Thereafter, king Abdulaziz and king Faisal universities have opened dental colleges in the western and eastern regions, respectively. However, the number of dental colleges has increased from three to four colleges in whole kingdom back in the year of 2000 to over 20 colleges of dentistry nowadays. This dramatic increase in the number of dental colleges in the kingdom, which happened in less than a decade, resulted in a significant increase in the number of dental graduates. Expectedly but unsurprisingly, those graduates are finding it harder nowadays to find a job in the public health sector something that was not heard of in the past. However, the good news is that the increase in the number of dental graduates will hopefully bring the ratio of dentist-to-population in the kingdom down. In 1987, the number of practicing dentists in the kingdom was 786 (dentists-to-population ratio, 1:8906) (Shalhoub and Badr, 1987) . As per recent ministry of health statistics data released in 2014, the number of dentists was 12,785 (dentist-topopulation ratio, 1:2666), which indicates a growth rate of 4.11 dentists per 10,000 inhabitants in Saudi Arabia (MOH, 2014) . Previous studies reported that the Organization for Economic Cooperation and Development (OECD) member countries, excluding Scandinavian countries and Greece, have variable dentists-topopulation ratio from 5 to 8 with an average of 6.1 dentists per 10,000 inhabitants (Organsation for Economic Co-operation and Development, 2011; Organisation for Economic Co-operation and Development, 2009 ). In addition, most of the European countries have dentists-to-population ratios ranging from 5.07 to 7.3 (Organsation for Economic Co-operation and Development, 2011; Organisation for Economic Co-operation and Development, 2009 ). Among Asia-Pacific countries, China has the lowest dentists-topopulation ratio of 0.12, and Japan has the highest dentists-topopulation ratio of 7.7 per 10,000 inhabitants .
Saudi Arabia has shown a rapid population and economic growth that demands an increase in the dental workforce and job opportunities to the fresh dental graduates. Future dental workforce plans should focus on how to achieve a balanced demographic distribution of dental practitioners and creating job opportunities to the Saudi dental graduates. The present study aimed to examine the status of demographic distribution and characteristics of dentist workforce in Saudi Arabia.
Methods
To explore the current status of dentist workforce in Saudi Arabia, the Saudi Commission for Health Specialties (SCFHS) was approached and officially requested through formal communications between king Saud university college of dentistry and the SCFHS to provide data on the status of the licensed dentist workforce in the kingdom including the following variables: (1) number of dentists; (2) geographic locations of dentists; (3) specialties of dentists; (4) professional ranks of dentists; (5) dentists' age and gender; (6) place of work; and (7) nationality. The SCFHS is the official regulatory body responsible of the registration and licensure of healthcare providers in the kingdom (Saudi Commission for Health Specialties, 2009). The data was further organized and classified based on the healthcare sector that the licensed dentist works in (e.g., private and public healthcare sector). In addition, the geographic location of the dentists was categorized into 13 categories based on the administrative subdivisions of the kingdom into 13 regions. The nationality of dentists was categorized into Saudi, if they were Saudi citizens, or non-Saudi if they were not Saudi citizens. Descriptive statistics including frequency and percentage was calculated to characterize the study sample. Statistical significance was defined at an a of 0.05. All analyses were performed using SAS, version 9.2 (SAS Institute Inc., Cary, NC, USA). The study was approved by the Institutional Review Board (IRB) of the College of Dentistry at King Saud University in November 2016.
Results
There are 16,887 licensed dentists in the SCFHS database as of December 2016. The Saudi dentists only represent 22.09% of the licensed dental workforce in the kingdom, which translates into 3720 dentists. Table 1 details the characteristics and distribution of licensed dentists in the SCFHS database based on their nationality. The mean age of the licensed dentists is 40.09 years with the Saudi dentists being slightly but significantly younger than their non-Saudi counterparts (37.7 vs. 40.76 years; P < 0.001). The majority of the licensed dentists in Saudi Arabia are males (61.06%) with no significant difference in the percentage of males and females between the Saudi and non-Saudi dentists. Almost 70% of the licensed dentists in Saudi Arabia are working in the three main regions of the kingdom (Riyadh, Makkah, and Eastern province). Approximately 81% of the licensed Saudi dentists are working in the three aforementioned regions compared to 65.81% of the non-Saudi dentists (P < 0.001). Around 80% of the non-Saudi dentists are working in the private health sector compared to only 33.65% of the Saudi dentists (P < 0.001). The percentage of Saudi dental specialists, who are working in the public health sector, is significantly higher than their non-Saudi counterparts (24.77% vs. 8.30%; P < 0.001). On the other hand, the percentage of non-Saudi dental specialists in the private health sector is significantly higher than their Saudi counterparts (19.15% vs. 11.47%; P < 0.001). Table 2 shows the professional registration in the SCFHS for both Saudi and non-Saudi dentists. The majority of licensed dentists in Saudi Arabia are professionally registered as general dentists. The percentage of general dentists among the non-Saudi dentists is significantly higher than their Saudi counterparts (71% vs. 67.7%; P < 0.001). Most of the licensed dentists who are professionally registered as dental registrars are non-Saudi (78.12% vs. 21.88%; P < 0.001). There are 356 licensed dentists who are professionally registered as senior dental registrars in the kingdom, and almost 70% of them are non-Saudis. Although the percentage of licensed Saudi dentists who are professionally registered as dental consultants among the Saudi dentists is significantly higher than their non-Saudi counterparts (9.36% vs. 6.54%; P < 0.001); their percentage of total number of licensed dental consultants in the kingdom is lower (28.86% vs.71.13%). There are 660 licensed dentists who are professionally registered as dental residents, and the non-Saudis represent 78.94% of them. There are also licensed dentists who are professionally registered in the SCFHS as nonpracticing, visiting, and others as shown in Table 2 . As shown in Fig. 1 , the percentage of registered male dentists is predominantly higher than female dentists across all of the SCFHS professional ranks.
As shown in Fig. 2 , the percentage of dental specialists among the licensed Saudi dentists is higher compared to their non-Saudi counterparts (36.25% vs. 27.45%). Also, the percentage of dental specialists among the licensed Saudi male dentists is slightly higher than their Saudi female counterparts (37.26% vs. 34.63%). Fig. 3 shows the percentages of licensed non-Saudi dentists in both private and public health sectors in each region. The percentages of licensed non-Saudi dentists who are working in the public health sector fall under 20% in the three main regions of the kingdom (Riyadh, Makkah, and Eastern province), and go as high as 46% in Al-Baha region. Fig. 4 shows the percentages of licensed dental specialists and general dentists among non-Saudi dentists who are working in the public health sector in each region. Overall, most of the licensed non-Saudi dentists who are working in the public health sector in the kingdom are registered as general dentists with few exceptions such as in Madinah and the Northern borders regions. Table 3 shows the numbers and percentages of Saudi and non-Saudi dentists in each dental specialty from the 11 different specialties in the SCFHS database. The majority of the licensed dentists are registered as general dentists (70.61%). The percentage of prosthodontists among the licensed Saudi dentists is significantly higher than their non-Saudi counterparts (14.26% vs. 6.71%; P < 0.001); however, the percentage of non-Saudi prosthodontists of the total number of licensed prosthodontists in the kingdom is higher than their Saudi counterparts (62.40% vs. 37.60%). Likewise, the percentages of pedodontists and periodontists among the licensed Saudi dentists is significantly higher than their non-Saudi counterparts (4.66% vs. 2.05%; P < 0.001) and (3.27% vs. 2.01%; P < 0.001), respectively. However, the percentages of non-Saudi pedodontists and periodontists of the total number of licensed pedodontists and periodontists in the kingdom is higher than their Saudi counterparts (60.81 vs. 39.19%) and (68.48% vs. 31.52%), respectively. The percentage of oral maxillofacial surgeons among the licensed non-Saudi dentists is significantly higher than their Saudi counterparts (5.72% vs. 4.34%; P < 0.001) and they represent 82.28% from the total number of licensed oral maxillofacial surgeons in the kingdom. There are only 17 licensed oral maxillofacial radiologists in the kingdom and only three of them are Saudis. The percentage of orthodontists among the licensed non-Saudi dentists is significantly higher than their Saudi counterparts (8.63% vs. 6.38%; P < 0.001), and they represent 82.67% of the total number of licensed orthodontists in the kingdom. Although the Table 1 The characteristics and distribution of Saudi and non-Saudi dentists across the Saudi regions.
Specialty
Nationality Note: data are expressed as mean ± standard deviation for age and frequency and percentage for the other variables. * P-value < 0.05.
Table 2
The professional registration of Saudi and non-Saudi dentists in different. percentage of endodontists among the licensed non-Saudi dentists is significantly lower than their Saudi counterparts (1.93 vs. 4.18%; P < 0.001), they represent 61.95% of the total number of licensed endodontists in the kingdom. There are also some dentists with other dental specialties such oral maxillofacial pathology, dental biomaterials, and dental public health, and the non-Saudi dentists represent the majority of them. As shown in Table 4 , the number of licensed male dentists in each specialty is higher than their female counterparts regardless of their nationality with the exception of dental biomaterials in which the numbers of male and female dentists are equal. However, the percentage of female general dentists among the licensed female dentists in the kingdom is significantly higher than their male counterparts (79.71% vs. 64.80%; P < 0.001). Moreover, the percentage of female pedodontists among the licensed female dentists in the kingdom is slightly but significantly higher than their male counterparts (2.93% vs. 2.43%; P < 0.001). Another observation that can be noticed in Table 5 , is that the percentage of licensed dental specialists who are practicing in the public health sector is higher than their counterparts in the private health sector.
Professional registration
However, this does not hold true for orthodontists. The percentage of licensed orthodontists who are practicing in the private health sector is significantly higher than their counterparts in the public health sector (9.19% vs. 5.73%; P < 0.001). Fig. 5 shows the distribution of dentists from different specialties across the Saudi regions for both Saudi and non-Saudi dentists.
According to the general authority for statistics demography survey of 2016, the total population of the kingdom of Saudi Arabia is 31,742,308. Table 6 shows the ratios of licensed Saudi dentists and dentists overall to the Saudi population, non-Saudi population, and total population in each Saudi region. The dentist to total population ratio was the highest in Riyadh region (1:1536) and the lowest in Jizan region (1:4101). The Saudi dentist to total population ratio was the highest in Riyadh region as well (1:5309) and the lowest in Al-Jawf region (1: 27639).
Discussion
This study presented the status of demographic distribution and characteristics of dentist workforce in the kingdom of Saudi Arabia. Specialist General Dentist Fig. 4 . The percentages of dental specialists and general dentists among non-Saudi dentists in the public health sector in each region. The findings of this study should provide the baseline data about the licensed dentist workforce and help in designing a balanced demographic distribution of dental practitioners in the kingdom. Furthermore, the present study showed a gradual increase in the dental workforce in the kingdom over the last two decades. The total population of licensed dentists in Saudi Arabia is 16,887 as of December 2016 compared to 786 and 12,785 dentists in the year of 1987 and 2014, respectively (Shalhoub and Badr, 1987; MOH, 2014) . Most of the dental care in the kingdom was and still provided by non-Saudi dentists. The percentage of foreign dentists out of the total number of licensed dentists in the kingdom is high compared to other countries. In Bahrain, only 24.1% of foreign dentists had to fulfil the total dental care demands of the country (Ahmed et al., 2000) . However, in Kuwait, foreign dentists constituted 55.6% of the dental workforce (Al-Jarallah et al., 2010) . Although foreign dentists represent 77.91% of the total number of licensed dentists, which indicates that there is a shortage of Saudi dentists to meet the dental care demand in the kingdom, the unemployment rate among the fresh dental graduates is surprisingly high. This can be attributable to multiple factors such as the significant increase in the number of dental graduates between the year of 2000 and 2016. The number of public dental colleges now is 17 compared to only 3 colleges back in 2000. Further, most of the licensed Saudi dentists are practicing in the public health sector (66.35%), which might be due to several reasons such as the high salaries and higher level of job security in this sector compared to the private health sector. In addition, the ability of the Saudi dentists to compete in the market with the foreign dentists is limited due to employers' preference to employ non-Saudi who usually work more hours for less pay. Therefore, we believe that the joint decision by the ministries of labor and health to halt the recruitment of foreign dentists was a wise decision and a step in the right direction.
Most of the licensed dentists in the kingdom are general dentists (70.6%). This holds true for both the Saudi and non-Saudi dentists in which the percentages of general dentists among them are 63.75% and 72.55%, respectively. The high percentage of general dentists among the Saudi dentists can be attributable to several reasons, however, many believe that the limited number of residency positions in the SCFHS bears the brunt of that. Moreover, the argument that most of the foreign dentists in the kingdom are specialists and therefore it would be hard to replace them with the Saudi dentists in both the private and public health sectors was proven to be wrong according to this study's findings. Only 27.45% of the non-Saudi licensed dentists in the kingdom are specialists. Moreover, with the exception of the Northern borders region, most of the licensed non-Saudi dentists who are practicing in the public health sector are general dentists.
The demographic distribution and characteristics of the licensed dentist workforce in the kingdom can be compared to other countries. For example, only 105 (0.6%) of the licensed dentists in the kingdom were specialized in oral maxillofacial pathology. Similarly, a previous study conducted in Taiwan reported that about 79.7% of the dentists practiced general dentistry and only 1% Table 4 The distribution of male and female dentists in different specialties.
Specialty
Gender of them were specialists in oral maxillofacial pathology . In another study, about 39% of the dentists in Australia were specialized in orthodontics compared to only 8.13% of the licensed dentists in Saudi Arabia (Australian Research Centre for Population Oral Health, 2010). The majority of dentists with specialty were in Riyadh, Makkah, and Eastern province. In addition, most of dentists in general dentistry were in Riyadh (29.7%), Makkah (22.6%), and Eastern province (15.1%). Similarly, a previous study conducted in Australia reported that the highest number of specialists and general practitioners were in the Australian Capital Territory (Australian Research Centre for Population Oral Health, 2010). In addition, the lowest number of specialists and general dentists were in remote/very remote areas (Australian Research Centre for Population Oral Health, 2010). Similarly, in the present study, the lowest number of specialists and general dentists were in the remote areas such as the Northern borders region. 5 . The distribution of licensed dentists from different specialties across the Saudi regions for both Saudi and non-Saudi dentists.
Table 6
The ratios of Saudi dentist and dentist overall to the Saudi, non-Saudi, and total populations in different regions. The gender distribution is one of the important factors for planning dentist workforce in any country (Dubois et al., 2006) . Licensed female dentists represent only 38.94% of the total licensed dentist workforce in the kingdom with no significant difference in their percentage among the Saudi and non-Saudi dentists. Also, the percentage of specialist dentists among the Saudi female dentists is lower than their male counterparts (34.63% vs. 37.26%). Since most of the college graduates in the kingdom are female, this raises some questions about the number of seats allocated to female applicants in the colleges of dentistry in the kingdom as well as the number of residency positions available for female dentists in the SCFHS. However, the percentage of female dentists from the total dentist workforce in other countries are not quite different. In Taiwan, the percentage of female dentists was reported to be 24.2% . Another study reported lower proportion of female dentists in Greece (Koletsi-Kounari et al., 2011) . In the European Union, 17 countries had a proportion of female dentists ranging from 48% to 88%, while nine countries had a proportion ranging from 25% to 40% (Kravitz and Treasure, 2008) . In addition, Liu et al. reported a lower proportion of female dentists compared to male dentists in China (43.7% vs 56.3%) (Liu et al., 2016) .
Regions
In comparison to India where only 5% of the Indian dentists are working in the public health sector, most the licensed Saudi dentists (66.35%) are working in the public health sector (Vundavalli, 2014) . Also, in Australia most of the dentists are working in the private health sector compared to only 33.63% of the Saudi dentists who are working in this sector (Australian Research Centre for Population Oral Health, 2010). In the present study, most of the licensed Saudi dentists are practicing in the urban areas such as Riyadh, Makkah, and Eastern province. Similarly, a previous study reported that most dentists (53%) are practicing in urban areas, followed by suburban (34%), and rural area (13%) (Brunton et al., 2012) . Another study reported a little higher proportion of dental professionals in the urban areas than rural areas (9.70 vs 3.77 per 10,000 population) in China (Liu et al., 2016) .
As per world health organization, the dentists-to-population is the main core indicator to assess adequate number of healthcare professionals relative to the population . Saudi Arabia has shown improved dentists-to-population ratio from 1:8906 in 1987 to 1:1880 in 2016. The current dentists-topopulation ratio in Saudi Arabia is 5.3 per 10,000 people, which indicates a better dentists-to-population ratio compared to most of the developing countries and Asia-Pacific countries. Among Asia-Pacific countries, China has the lowest dentists-topopulation ratio of 0.12 per 10,000 people, and Japan has the highest dentists-to-population ratio of 7.7 per 10,000 people . Other studies reported that the OECD member countries, excluding Scandinavian countries and Greece, have varied dentists-to-population ratios ranging from 5 to 8 with the average of 6.1 per 10,000 people (Organsation for Economic Co-operation and Development, 2011; Organisation for Economic Co-operation and Development, 2009 ). In addition, most of the European countries have dentists-to-population ratios ranging from 5.07 to 7.3 per 10,000 people (Organsation for Economic Co-operation and Development, 2011; Organisation for Economic Co-operation and Development, 2009). Among the Middle East countries, Bahrain has the lowest dentists-to-population ratio of 1.5 per 10,000 people, and Qatar has the highest dentists-to-population ratio of 5.8 per 10,000 people (Gallagher et al., 2015) . However, this ratio of one dentist to 1880 people in the kingdom is variable across regions. For example, the dentist to total population in Riyadh region is the highest in the kingdom (1:1536) and the lowest in Jizan region (1:4101). Further, the ratio of Saudi dentist to total population is significantly lower than the ratio of dentist overall to total population. For example, the Saudi dentist to total popula-tion ratio in Riyadh region is the highest in the kingdom (1:5309) and the lowest in Al-Jawf region (1:27,639) . This underscores the need to employ Saudi dentists in the peripheral regions such as Al-Jawf and Jizan to fulfil the dental care demands in these regions.
Although this study is the first to the best of our knowledge to investigate the dentist workforce characteristics and demographic distribution in the kingdom, it has several limitations. As with all such studies, inaccuracies due to incorrect or incomplete documentation may occur in the details of dentists working in Saudi Arabia as provided by the SCFHS. Further, this study only included the licensed dentists in the SCFHS, therefore, no conclusion should be drawn regarding the total number of dentists in Saudi Arabia based on this study's data only. In addition, some recognized dental specialties such as restorative dentistry was not documented in the SCFHS database. Therefore, using this data to plan and allocate the future dental workforce in Saudi Arabia may not be ideal.
Conclusion
The kingdom of Saudi Arabia has shown steady growth in the dental workforce in last 20 years. Every year there is an increase in the number of dental graduates who are currently experiencing difficulties in finding suitable jobs for themselves. Most of the licensed dental care in the kingdom is provided by foreign general dentists, therefore, replacing them with Saudi general dentists might be one of the solutions to address the rising unemployment rates among the fresh dental graduates. Further, the fact that most of the Saudi dentists are registered as general dentists may shed the light on the size of the accredited SCFHS residency programs in dentistry, where very limited number of dentists can join relative to the number of Saudi dentists in the kingdom. Therefore, the SCFHS should work together with the major health care sectors in the kingdom such as the ministry of health and the large academic institutions to expand the accredited residency programs in different dental specialties. Also, there should be joint initiatives by the ministries of health, labor, and education to carefully plan the number of dental graduates every year from both public and private colleges of dentistry. Finally, the low ratios of dentist-topopulation in the peripheral regions should be addressed by both the ministries of labor and health to fulfil the dental care demands in these regions.
